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ARRANGEMENT AND METHOD FOR 
PRODUCING A PLURALITY OF PULSE 

WIDTH MODULATED SIGNALS 

FIELD OF THE INVENTION 

This invention relates to the production of a plurality of 
channels of pulse Width modulated (PWM) signals. 

BACKGROUND OF THE INVENTION 

Pulse Width modulation is Widely used in Digital-to 
Analogue (D-A) conversion. In order to convert a series of 
digital values into analogue form using pulse Width 
modulation, the digital values are used to modulate the 
Widths of a stream of pulses, Which is then loW-pass ?ltered 
to produce a continuously varying analogue signal. Such a 
technique is Widely used in voice applications to generate an 
analogue voice signal from a series of digital values. Such 
D-A conversion using pulse Width modulation can be per 
formed in hardWare (requiring a hardWare PWM generator 
incorporating a hardWare timer) or softWare (requiring a 
hardWare timer under softWare control). 

It is often necessary to generate a plurality of (channels of 
sound. Conventionally, to generate a plurality of sound 
channels in hardWare requires a dedicated hardWare PWM 
generator (With its hardWare timer) for each channel. 
Although such an approach requires minimal softWare 
control, it is expensive to produce in integrated circuit form 
since the circuit area required is proportional to the number 
of channels/PWM generators needed. Conventionally, to 
generate a plurality of sound channels in softWare still 
requires a dedicated hardWare timer for each channel, and an 
additional hardWare timer for overall PWM system opera 
tion. Although such an approach involves moderate softWare 
control, and requires less circuit area than the previously 
discussed hardWare implementation, it is expensive to pro 
duce in integrated circuit form since the circuit area required 
is still highly dependent on the number of channels/ 
hardWare timers needed. 

It is an object of this invention to provide an arrangement 
and method for producing a plurality of pulse Width modu 
lated signals, Which can be implemented largely in softWare, 
and in Which the above disadvantages may be alleviated. 

BRIEF SUMMARY OF THE INVENTION 

In accordance With a ?rst aspect of the present invention 
there is provided an arrangement for producing from a 
plurality of series of digital values a plurality of correspond 
ing pulse Width modulated analogue signals in Which pulse 
Widths are modulated in accordance With the digital values 
in the respective series as claimed in claim 1. 

In accordance With a second aspect of the present inven 
tion there is provided a method of producing from a plurality 
of series of digital values a plurality of corresponding pulse 
Width modulated analogue signals in Which pulse Widths are 
modulated in accordance With the digital values in the 
respective series as claimed in claim 5. 

BRIEF DESCRIPTION OF THE DRAWINGS 

One embodiment of the invention Will noW be more fully 
described, by Way of eXample only, With reference to the 
accompanying draWings, in Which: 

FIG. 1 shoWs a block diagram of an arrangement for 
producing n pulse Width modulated analogue signals; 

FIG. 2 shoWs steps in the method used in the arrangement 
of FIG. 1; and 
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2 
FIG. 3 shoWs Waveform diagrams of pulse Width modu 

lated analogue signals produced by the arrangement, of FIG. 
1. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIG. 1, an arrangement 100 for producing n 
pulse Width modulated analogue signals includes a ?rst 
timer 110, a second timer 120 and respective control regis 
ters 112 and 122. The control registers 112 and 122 are 
controlled by softWare 130 (Whose operation Will be Dis 
cussed in more detail beloW), Which also controls output 
circuitry 140 and input circuitry 150. 

Referring noW also to FIG. 2, n streams of digital values 
are received by the arrangement 100. Under the control of 
the softWare 130, every 62.5 us the value received in each 
stream is stored in a memory table 210. The received values 
in the memory table 210 thus represent the levels, at the 
same point in time, of the analogue signals to be generated. 
Also stored in the table 210 With each received value is the 
number of the channel from Which the value Was received. 
Thus, the table 210 holds n roWs of data, each roW holding 
the channel number and the value received from that chan 
nel. In the eXample illustrated, ?ve of the n received values 
are shoWn: values 192, 64, 32 and 64 received in channels 
1, 2, 3 and 4 respectively, and value 128 received in channel 
n. It may be noted that the received values are 8-bit binary 
values, and so represent proportions of 75%, 25%, 12.5%, 
25% and 50% respectively of the maXimum possible level 
for the channels 1, 2, 3, 4 and n. 

The roWs of the table 210 are sorted in ascending order 
according to the magnitudes of the received values to 
produce a sorted table 220. From table 220 a time difference 
table 230 is then generated, With each roW of the time 
difference table 230 holding a value given by the difference 
betWeen received values in successive roWs of the sorted 
table. Also stored in the table 230 With each difference value 
is the number or numbers of the channel or channels to 
Which the difference value relates. Thus, in the eXample 
illustrated, the received values for the channels 1, 2, 3, 4 and 
n in the table 220 give rise to the four roWs shoWn in the 
table 230: 

the ?rst roW holds a value 32 (the difference betWeen Zero 
and the value in the ?rst roW of the table 220) and the 
channel number 3; 

the second roW holds a value 32 (the difference betWeen 
the values in the ?rst and second roWs of the table 220, 
and also the difference betWeen the values in the ?rst 
and third roWs of the table 220) and the channel 
numbers 2 and 4; 

the third roW holds a value 64 (the difference betWeen the 
values in the third and fourth roWs of the table 220) and 
the channel number n; and 

the fourth roW holds a value 64 (the difference betWeen 
the values in the third and fourth roWs of the table 220) 
and the channel number 1. 

Referring noW also to FIG. 3, the data held in the roWs of 
the time difference table 230 control the operation of the 
output circuitry 140 as folloWs. At the beginning of each 
cycle (in the present eXample every 62.5 us) the timer 110 
produces an output Which causes a rising pulse transition to 
a ?Xed voltage level to be generated on all n channels. The 
output of the timer 110 also causes the time difference value 
in the ?rst roW of the table 230 (in the present eXample the 
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value 32) to be loaded into the timer 120, and also causes the 
output circuitry to enable the output of the channel Whose 
number (in the present example channel number 3) is stored 
in the ?rst roW of the table 220. The counter 120 then counts 
doWn (at a rate of 256 counts every 62.5 us in the present 
example). When the timer 120 reaches Zero (in the present 
example after 7.8125 us) it produces its output, Which causes 
a falling pulse transition to be generated on the enabled 
channel number from the ?rst roW of the table 230 (in the 
present example channel number 3). Thus the output pulse 
Waveform 310 is produced on channel number 3 having a 
duration of 7.8125 us. 

This output of the timer 120 also causes the time differ 
ence value in the second roW of the table 230 (in the present 
example the value 32) to be loaded into the timer 120, and 
also causes the output circuitry to enable the output of the 
channels Whose numbers (in the present example channels 
number 2 and 4) are stored in the second roW of the table 
220. The counter 120 then counts doWn, and When it reaches 
Zero (in the present example after 7.8125 us) it produces its 
output, Which causes a falling pulse transition to be gener 
ated on the enabled channel numbers from the second roW 
of the table 230 (in the present example channels number 2 
and 4). Thus the output pulse Waveform 320 is produced, on 
channel number 2 and on channel number 4, having a 
duration of 15.625 us. 

This output of the timer 120 also causes the time differ 
ence value in the third roW of the table 230 (in the present 
example the value 64) to be loaded into the timer 120, and 
also causes the output circuitry to enable the output of the 
channel Whose number (in the present example channel 
number n) is stored in the third roW of the table 220. The 
counter 120 then counts doWn, and When it reaches Zero (in 
the present example after 15 .625 us) it produces its output, 
Which causes a falling pulse transition to be generated on the 
enabled channel number from the second roW of the table 
230 (in the present example channel number n). Thus the 
output pulse Waveform 330 is produced on channel number 
n having a duration of 31.25 us. 

This output of the timer 120 also causes the time differ 
ence value in the fourth roW of the table 230 (in the present 
example the value 64) to be loaded into the timer 120, and 
also causes the output circuitry to enable the output of the 
channel Whose number (in the present examples (channel 
number 1) is stored in the fourth roW of the table 220. The 
counter 120 then counts doWn, and When it reaches Zero (in 
the present example after 15 .625 us) it produces its output, 
Which causes a falling pulse transition to be generated on the 
enabled channel number from the second line of the table 
230 (in the present example channel number 1). Thus the 
output pulse Waveform 340 is produced on channel number 
1 having a duration of 46.875 us. 

This output of the timer 120 then causes the time differ 
ence value in the next roW (not shoWn) of the table 230 to 
be loaded into the timer 120, and also causes the output 
circuitry to enable the output of the channel Whose number 
is stored in that roW of the table 220. The counter 120 then 
counts doWn, and When it reaches Zero it produces its output, 
Which causes a falling pulse transition to be generated on the 
enabled channel number. This process then continues With 
each remaining roW of the table 230 until all roWs have been 
used. 
When, 62.5 us after it last produced its output, the timer 

110 times out, it causes the next set of digital values 
(representing the levels, at the next point in time, of: the 
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4 
analogue signals to be generated) to be loaded from the n 
input streams into the table 210, overWriting previous data 
in the table. As described above, the roWs of this table are 
then sorted to produce the sorted table 220), and this is used 
to generate aneW the time difference table 230. The timer 
110 produces its output Which causes the output circuitry 
140 to drive high the signal level on all of the n channels, the 
time difference from the ?rst roW of the table 230 is loaded 
into timer 120, and the process continues as described 
above. 

In this Way, in each cycle, an output pulse is produced on 
each of the n output channels Which has the desired duration 
represented by the digital value input for that channel. These 
PWM output signals are loW-pass ?ltered (in knoWn 
manner) to produce the desired n channel analogue output 
signals. 

Thus, it Will be appreciated, the arrangement described 
above alloWs many channels of PWM analogue signals to be 
produced, While requiring only tWo timers and involving 
only a moderate amount of softWare overhead to sort the 
input values and derive differences therebetWeen. It Will 
therefore be understood that the arrangement can be pro 
duced relatively inexpensively in integrated circuit form, 
since it need occupy little circuit area. 

It Will also be appreciated that the arrangement described 
above provides ?exibility in alloWing the number of chan 
nels of generated PWM analogue signals to be varied 
Without requiring additional hardWare. 

Variations from the described arrangement and method 
Will be apparent to a person of ordinary skill in the art, and 
it is intended that the present invention includes Within its 
scope all such variations as are covered by the folloWing 
claims. 
What is claimed is: 
1. An arrangement for producing from a plurality of series 

of digital values a plurality of corresponding pulse Width 
modulated analogue signals in Which pulse Widths are 
modulated in accordance With the digital values in the 
respective series, the arrangement comprising: 

time difference means for producing values representative 
of the time differences betWeen transitions of pulses to 
be produced in the plurality of channels; and 

timer means coupled to the time difference means for 
generating pulses in the plurality of channels and for 
producing transitions in the pulses in respective ones of 
the plurality of channels at times corresponding to the 
values produced by the time difference means. 

2. An arrangement as claimed in claim 1 Wherein the timer 
means comprises: 

a ?rst timer for periodically generating a pulse transition 
of a ?rst predetermined polarity synchronously in each 
of the plurality of analogue signals; and 

a second timer for producing a pulse transition of a second 
predetermined polarity opposite to the ?rst predeter 
mined polarity in respective ones of the plurality of 
analogue signals at times corresponding to the values 
produced by the time difference means. 

3. An arrangement as claimed in claim 1 Wherein the time 
difference means comprises: 

sorting means for sorting received digital values into 
magnitude order; and 

differential means coupled to the sorting means for gen 
erating from the sorted digital values the time differ 
ence values. 
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4. An integrated circuit containing the arrangement as 
claimed in claim 2. 

5. A method of producing from a plurality of series of 
digital values a plurality of corresponding pulse Width 
modulated analogue signals in Which pulse Widths are 
modulated in accordance With the digital values in the 
respective series, the method comprising: 

receiving the plurality of series of digital values repre 
sentative of the analogue signals at a range of points in 
time; 

generating from the received plurality of series of digital 
values, for each value representative of the same point 
in time, a ?rst series of values ordered in magnitude; 

1O 

6 
generating from the ?rst series of values a second series 

of values representative of the differences betWeen the 
values of the ?rst series; 

generating synchronously in each of the plurality of 
analogue signals, for each point in time represented in 
the received plurality of series of digital values, a pulse 
transition of a ?rst predetermined polarity; and 

generating in respective ones of the plurality of analogue 
signals, at times represented by respective values of the 
second series, pulse transitions of a second predeter 
mined polarity opposite to the ?rst predetermined 
polarity. 


